Background-The influence of age on the main epidemiological, clinical, echocardiographic, microbiological, and prognostic features of patients with infective endocarditis remains unknown. We present the series with the largest numbers and range of ages of subjects to date that analyzes the influence of age on the main characteristics of patients with isolated left-sided infective endocarditis. Furthermore, this series is the first one in which patients have been distributed according to age quartile. Methods and Results-A total of 600 episodes of left-sided endocarditis consecutively diagnosed in 3 tertiary centers were stratified into age-specific quartiles and 107 variables compared between the different groups. With increasing age, the percentage of women, previous heart disease, predisposing disease (diabetes mellitus and cancer), and infection by enterococci and Streptococcus bovis also increased. Valvular insufficiency and perforation and Staphylococcus aureus infection were more common in younger patients. The therapeutic approach differed depending on patient age because of the growing proportion of older patients who only received medical treatment. Clinical course and hospital prognosis were worse in the older patients because of increased surgical mortality among them. Conclusions-Increasing age is associated with less valvular impairment (insufficiency and perforation), a more favorable microbiological profile, and increased surgical mortality among adults with left-sided infective endocarditis. (Circulation. 2010;121:892-897.)
Methods
Patients included in the analysis come from 3 university-affiliated tertiary care hospitals, which are referral centers for their regions on infective endocarditis. All of them had been working together on infective endocarditis with the use of standardized protocols, uniform data collection, and diagnostic and therapeutic criteria from the beginning of the study.
From 1996 to 2008, 770 episodes of infective endocarditis were diagnosed in 736 patients older than 14 years; Duke criteria were applied until 2002 18 and modified Duke criteria thereafter. 19 Of these episodes, 600 were left-sided (78%) and make up the study group. We excluded from the analysis those episodes of right-sided endocarditis (nϭ96), those affecting permanent intracardiac devices (pacemakers and implantable cardioverter-defibrillators) (nϭ40), and 34 episodes with no echocardiographic evidence of endocarditis because they have completely different clinical and microbiological aspects and outcome compared with left-sided endocarditis.
A total of 107 variables were prospectively recorded for each episode analyzed (see the Appendix in the online-only Data Supplement). An echocardiogram was obtained in all cases of suspected endocarditis, and the patients were monitored until a definite diagnosis was made. All participating hospitals followed a standardized protocol under which all patients underwent at least 1 physical examination, ECG, chest x-ray, urinalysis, 3 blood cultures, and transthoracic and transesophageal echocardiogram. If blood cultures were negative after 72 hours, specific serological tests were conducted to detect Chlamydia, Brucella, Q fever, Legionella, and Mycoplasma.
Heart failure was defined according to established criteria, 20 and acute kidney failure was defined as the presence of a serum creatinine Ͼ2 mg/dL in patients without previous diagnosis of chronic renal insufficiency. Systemic emboli were diagnosed by the clinical investigators who took care of these patients. The diagnosis was made on the basis of clinical signs and/or data derived from radiological procedures (eg, tomography, echocardiography, arteriography, magnetic resonance imaging). Cutaneous manifestations of endocarditis were not considered systemic embolisms because their pathogenesis is still questionable, and they do not contribute to morbidity and mortality. Surgery was considered urgent when this was performed before antibiotic treatment had ended. Surgical indications were agreed on by consensus by the researchers before the study began and included heart failure refractory to medical treatment, fungal endocarditis, recurrent embolism with persistent vegetations in the echocardiogram, and uncontrolled infection, defined as persistent bacteremia or fever persisting for Ͼ7 days despite appropriate antibiotic treatment, once other foci of infection had been ruled out. Surgery was defined as elective when it was performed after antibiotic treatment had ended. The clinical criteria to operate or not were the same in all groups. When a patient meeting the surgical criteria did not undergo surgery, the reason was either because the patient rejected the intervention, surgical risk was too high, or the patient was too fragile. In all cases, the final decision was made by a multidisciplinary team of cardiologists, cardiac surgeons, microbiologists, and specialists in infective diseases. Early prosthetic valve endocarditis was defined as occurring Ͻ1 year after surgery. 21 Echocardiographic definitions of vegetation, abscess, pseudoaneurysm, and fistula have been described in previous works. 22 Vegetations were measured in various planes at the point in the cardiac cycle in which the vegetation appeared the largest. The greatest diameter and the greatest area by planimetry were recorded. In cases of multiple vegetations, the largest vegetation was measured. Moderate or severe new valvular regurgitation was also recorded as echocardiographic evidence of infective endocarditis. We considered as possible ports of entry of the infection those situations or procedures performed within 2 months before the beginning of the symptoms related to endocarditis that are associated with risk of bacteriemia (cardiac surgery and infection of intravascular catheters).
Statistical Analysis
A total of 600 episodes of left-sided infective endocarditis were stratified into age-specific quartiles at the time of diagnosis. The age-specific quartile cutoff points are shown in Figure 1 . Continuous variables are expressed as meanϮSD or median and interquartile range, and discrete variables are expressed as absolute value (n) and percentage. Differences in the categorical variables for increasing age groups were assessed with the use of the 2 test for trend. For continuous variables, ANOVA with linear polynomial contrast for trend was used. Normal distribution was verified with the Kolmogorov-Smirnov test. A P value Ͻ.01 was used as a cutoff for statistical significance. Data were analyzed with the use of the SPSS V 15.0 software package (SPSS, Chicago, Ill).
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
The distribution of the patients was quite homogeneous between the 3 hospitals, at 37%, 33%, and 30%, as well as in main epidemiological and echocardiographic characteristics, management (surgery and medical treatment), and outcome (data not shown). The microbiological profile only differed in the percentage of patients with Staphylococcus aureus infection (15%, 26%, and 14%), but there were no differences in the proportion of those with methicillin-resistant S aureus.
Epidemiological, Clinical, Radiological, and Analytical Variables
A total of 55 epidemiological, clinical, radiological, and analytical variables were compared between the different age groups. The most relevant results of this analysis are shown in Table 1 .
There were age-related increases in the proportion of women, nosocomial endocarditis, patients with previous heart disease, and some predisposing conditions that increase the risk of endocarditis (diabetes mellitus and cancer). 23 Clinical characteristics at admission were similar in all age groups, except for cutaneous lesions and splenomegaly, whose frequency decreases with age. There were no differences among groups in the suspected port of entry of the infection.
Cardiomegaly and pleural effusion at chest x-ray were more frequent with increasing age. No statistically significant differences were found in the 14 analytical and 3 ECG variables analyzed.
Microbiological Variables
A total of 15 microbiological variables were compared between age groups. The most relevant findings are shown in Figure 2 . There were no statistically significant differences in the percentages of gram-negative bacilli, anaerobic bacteria, HACEK group, other streptococci, polymicrobial infection, fungi, negative blood cultures, and other microorganisms or in the percentage of patients with positive blood cultures at admission. It is noteworthy that the percentage of methicillin-resistant S aureus increased with age (8%, 19%, 18%, 33%; Pϭ0.020).
Echocardiographic Variables
A total of 16 echocardiographic variables were compared between the different age groups. The most important results of this analysis are shown in Table 2 . In native valve endocarditis, mitral valve endocarditis steadily increases with age and aortic valve endocarditis decreases, whereas in prosthetic valve endocarditis, there is a steady decrease in aortic mechanical valve endocarditis.
Prognostic Differences
A total of 21 outcome-related variables during hospital stay were compared between the different age groups. The most remarkable results of this analysis are shown in Table 3 . During the clinical course, and as the age of patients increased, there was an 
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increase in heart failure and kidney failure rates. Similarly, differences were observed in therapeutic management, and hospital mortality: Younger patients underwent surgical intervention more frequently and their hospital prognosis was better, whereas mortality rates among patients who underwent urgent and elective surgical intervention increased with age. There were no statistically significant differences in the causes of mortality (septic shock, heart failure, multiorgan failure, impossibility of disconnection from the extracorporeal circulation, and others) between groups (Pϭ0.62)
Discussion
This study presents the series with the largest numbers and range of ages of subjects to date that analyzes the influence of age on the most relevant variables in isolated left-sided infective endocarditis. Our study is unique in 2 ways. First, previous studies have set arbitrary age limits without considering any preestablished criterion. To avoid this important limitation, we stratified our population into age quartiles. Second, we have limited the analysis to patients with leftsided endocarditis. Right-sided and device-related endocarditis affect a very specific population, and these forms have a more benign prognosis. Thus, these forms of endocarditis must be analyzed separately; otherwise, results would be biased. Patients were consecutively included in 3 tertiary hospitals with similar characteristics, and uniform criteria were applied relative to the definition of endocarditis and its complications. All patients underwent transesophageal echo- 
Staphylococcus aureus, n (%) 108 (18) 38 (26) 27 (18) 22 (14) 21 (14) 0.007 cardiogram, and indications for urgent surgery were agreed on by consensus among the researchers. Thus, our study group is a homogeneous series of patients with left-sided infective endocarditis that is representative of the population seen in these types of hospitals.
During recent decades, the demographic characteristics of patients with infective endocarditis have undergone a profound change. In the 1950s, the most frequently affected members were those aged 20 to 30 years, and only 5% lived for Ͼ60 years. 24 Today, the proportion of patients aged Ͼ60 (28) 47 (32) 44 (29) 39 (26) 36 (25) 0.123
Valvular perforation, n (%) 83 (14) 31 (21) 26 (17) 15 (10) Septic shock, n (%) 85 (14) 20 (14) 19 (12) 22 (14) 24 (16) 0.438
Systemic embolism, n (%) 174 (29) 49 (33) 48 (31) 42 (28) 35 (24) 0.053
Acute stroke, n (%) 128 (21) 29 (20) 38 (25) 35 (23) 26 (18) 0.577 Splenomegaly, n (%) 60 (10) 24 (16) 14 (9) 14 (9) Cutaneous lesions, n (%) 72 (12) 26 (18) 22 (14) 14 (9) 10 (7) 
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years has increased dramatically, and the steady increase of the elderly in Western countries suggests that this trend will continue. Our series is similar to that reported in other studies conducted during the current decade, indicating a greater prevalence of infective endocarditis that peaks among those aged between 70 and 80 years. 25, 26 Several studies have analyzed the influence of age on infective endocarditis. 6 -17 It should be emphasized that there are marked differences in the results of these studies, which are related to the different age-specific cutoff points established, the varying baseline characteristics of the patients analyzed, and the different protocols reported. These differences include crucial aspects when the influence of age on infective endocarditis is analyzed, such as whether the therapeutic approach is different depending on the age of the patients and whether increasing age is associated with higher mortality, aspects that thus far remain controversial. The microbiological findings also differed, although, as a general rule, S aureus and gram-negative microorganisms were more frequently found in young patients, and Streptococcus bovis and enterococci were more frequent in the elderly. 6 -18 Many of the findings in older adults were expected. These include a higher percentage of patients with previous heart disease, comprising mainly prosthetic and degenerative valves, higher rates of nosocomial endocarditis and predisposing diseases (diabetes mellitus and cancer), a higher proportion of patients with prosthetic valve endocarditis, and lower percentages of intravenous drug use and HIV infection. All these aspects are so dependent on age that the reported numbers of infections cannot be used to understand the effects of patient age on these infections. Nonetheless, we have found specific age-related trends not reported thus far that merit further analysis.
The percentage of endocarditis in women increased with age, especially in the upper quartile, which may be related to the greater life expectancy of women (in our country, 59% of people aged Ͼ70 years are women) and to the greater rates of nosocomial endocarditis, rheumatic heart disease, prosthetic endocarditis, and diabetes mellitus among the women included in our series.
Moreover, we have observed echocardiographic differences in relation to age. The use of transesophageal echocardiography in all the patients and the large number of echocardiographic variables analyzed may explain, at least in part, this finding not previously seen in other investigations. The percentage of patients with valvular insufficiency or perforation was higher in younger patients, which may have been caused by greater rates of S aureus infection. Furthermore, the percentage of native mitral valve endocarditis increases with age, as was seen in a recent study, 18 which may account for the facts that rheumatic mitral disease is present in all age groups and degenerative mitral disease increases with age. The most relevant microbiological findings are the age-related increase in S bovis and enterococci infection and the decrease in S aureus. S bovis endocarditis in elderly patients and its association with gastrointestinal lesions have been described previously. 27 Infections due to enterococci are commonly caused by gastrointestinal and genitourinary procedures 28 and are hospital-acquired infections in a high proportion of patients (51% in our series). The percentage of methicillin-resistant S aureus increases with age, probably as a result of the increasing proportion of nosocomial endocarditis with age. 29 The therapeutic management of our patients differed according to their age; thus, the percentage of patients who underwent urgent or elective surgery decreased with increasing age. Several reasons may account for this finding: the lower percentage of valvular impairment (insufficiency, perforation), the lower rate of endocarditis due to S aureus, and greater comorbidity among these patients that leads to rejection for surgery due to the high risk involved. In fact, the percentage of patients with surgical indications who were rejected for surgery in our group increased significantly with age (23%, 24%, 38%, 50%; PϽ0.001).
An increase in mortality was observed with increasing age, which was probably related to the trend toward increase in mortality among older patients who underwent urgent and elective surgery. However, there were no differences in mortality between patients who received medical treatment. Age has been identified as a predictor of mortality in cardiac surgery and is always included as an independent variable when risk in cardiac surgery is calculated. 30 Although our findings suggest that this can also be applied to patients with infective endocarditis, well-designed studies to specifically address this issue are needed.
One possible limitation of our study is the lack of inclusion of pediatric patients with left-sided endocarditis because none of the participant departments was competent to take care of these patients. If they had been analyzed, our results would probably remain applicable because the incidence of pediatric endocarditis is very low, and the main characteristics of this entity do not differ substantially from those of adults. 31, 32 Nevertheless, our results can only be applied to adult patients with left-sided endocarditis.
Conclusions
Our study, in which patients were stratified into age-specific quartiles, suggests that increasing age at the time of diagnosing left-sided infective endocarditis is associated with less valvular impairment (insufficiency and perforation), a more favorable microbiological profile, and increased surgical mortality.
